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WELDING SHIELD GAS AND WELDING METHOD 
BACKGROUND OF THE INVENTION 

Field of the Invention 

5 The present invention relates to a welding shield gas used in welding stainless 

steel, in particular, austenitic stainless steel, and in particular, to a welding shield gas 
appropriate for non-consumable electrode arc welding in which the precision of the 
welding is important, and relates to a welding method using the same. 

Priority is claimed on Japanese Patent Application No. 2003-096770, filed 
10 March 31, 2003, the content of which is incorporated herein by reference. 

Description of Related Art 

Generally, stainless steel tubing is used as tubing for supplying a gas used in 

semiconductor fabrication and the like to the fabricating apparatus. 
15 In the welding of tubes, a non-consumable electrode arc welding, for example, I- 

type butt welding using automatic TIG (tungsten inert gas) welding without using a filler 

material, is widely used. As a shield gas, a mixed gas consisting of Ar and several 

percent H2 or pure Ar can be used. 

The weld zone of the tube preferably does not have irregularities on the surface 
20 thereof. In particular, it is important that at the inner wall surface of the tube at the weld 

zone, the penetration bead of the weld zone does not form irregularities with respect to 

the inner wall surface side of the tube, and furthermore, the bead width must fall within a 

suitable range. 

For example, in the I-type butt welding, when the heat input during welding 
25 becomes excessive, the amount of melting becomes excessive, and the weld zone 



considerably widens. In the case of flat position welding, due to the influence of gravity 
and the like, the bead penetration forms a protrusion with respect to the inner wall 
surface. In this case, fine metal particles called fume are ejected into the tube, and 
thereby contamination of the supplied gas due to these particles easily occurs. 
5 In addition, both weld metal having low corrosion resistance and the heat 

affected zone in the weld zone are present, and thus when the amount of melting is 
excessive, there is the problem that corrosion occurs over a wide area. 

In addition, when heat input into the weld is insufficient, the stability of the arc 
deteriorates due to consumption of the electrode, or the weld is mispositioned due to 

10 human error, the abutted parts are not completely melted up to the inner wall surface of 
the tube and thus irregularities form, due to clearances between the abutted parts of the 
tubes. In this case, a concavity that forms becomes dead space, and dust particles may 
accumulate therein. Thus, there is the problem that these accumulated particles are 
carried along with the supplied gas to cause contamination. 

15 Furthermore, there are the problems that air present in a concavity makes gas 

exchange difficult and contaminates the supplied gas with impurities. 

In addition, when supplied gas is a corrosive gas that is used, for example, in 
semiconductor fabrication, there are the problems that crevice corrosion in a concavity is 
exacerbated, the metal corrosion products generated due to the crevice corrosion peel off, 

20 and thereby the supplied gas becomes contaminated. Furthermore, due to a concavity, 
there is the problem that the mechanical strength of the tube deteriorates. 

Thus, a method for inspecting the weld zone has been proposed that has as an 
object confirming whether or not the welding has been properly carried out (refer to 
Citation l:Japanese Unexamined Patent Application, First Publication No. 2001-074712). 

25 It is possible to improve the reliability of the tube if the weld zone is inspected, 



but because the inspection is not a complete solution to this problem, a method that 
prevents the welding problems themselves is desired. 

In addition to insufficient heat input into the weld, the deterioration in the 
stability of the arc due to consumption of the electrode, or the mispositioning of the weld 
5 is due to human error, one factor that hinders the complete melting of the abutted parts is 
the deterioration of the bead progress caused by slag that forms on the surface of the 
weld pool during welding. 

When the bead progress deteriorates, even if the targeted position of the weld is 
accurately aligned with the abutted parts, there are cases in which the center position of 
10 the bead becomes separated from the abutted parts, and the wall surface in the tubes of 
the abutted parts are not completely melted. 

The deterioration of the bead progress occurs easily when the diameter of the 
tube is not less than 20mm and the thickness is not less than 1.2mm and equal to or less 
than 3mm. In addition, when the welding current used is in a low current region of not 
15 more than 100A, bead progress deteriorates easily. 

It is known that the arc easily becomes unstable when the welding current is low, 
and to improve the stability of the arc, a pulsed welding method, in which the welding 
current is periodically set to a high value, is effective. By using pulse welding, the bead 
progress can be improved to some extent. 
20 However, completely preventing the welding problems by using this method has 

been difficult. 

In addition, when the weld current is pulsed, there is a tendency for the bead 
face width to become wide in comparison with the penetration bead width, and there are 
the problems that a weld zone is formed larger than is necessary, the method of setting 
25 the welding conditions becomes complicated, and residual defects in the abutted parts 



that cannot be discovered by visual inspection of the outer surface of the tube occur 
easily. 

As a measure that can be taken against the deterioration of the bead progress, 
increasing the welding speed and increasing the weld current can be considered. 
5 However, when the welding speed and the weld current are increased, the weld 
penetration deteriorates, easily causing, for example, undercut and an increase in the 
amount of concavity. 

In addition, if the groove shape has a single-V groove or a single-U groove and 
the root surface height is made as small as possible, residual defects in the abutting parts 
10 occur with difficulty. However, in this case, because a costly automatic welding 
machine that can add a filler material becomes necessary, there is a drawback in terms of 
cost, and the welding method becomes complicated. In addition, there is the problem 
that contamination inside the tube occurs easily during the groove preparation due to oil, 
particles and the like. 

15 Widening the bead width such that the abutted parts can be welded even when 

progress characteristics deteriorate or using manual welding can also be considered as 
measures to be taken against bead progress deterioration. 

However, there are the problems that widening the bead width invites 
deterioration in the weld quality and using manual welding requires much labor, which in 

20 turn causes a lowering in the welding efficiency. 

There is also the possibility that slag generated in the weld pool may contribute 
to the deterioration in the bead progress. Using a tube consisting of a material having a 
reduced slag component content can be considered to prevent slag generation (refer, for 
example, to Japanese Unexamined Patent Applications, First Publication Nos. Hei 7- 

25 197203 and 2002-220618). 
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However, when using a tube consisting of thi s material, = sufficient effec, is „„, 
obtained under the welding conditions or tube shape described above. 

As described above, complete!, preventing we.ding problems is difficu „ usjng 
already existing technology. 

In consideration of the problems described above, I, i s an object of the present 
invention to provide a welding method that does no, cause a deterioration in the warning 
efficiency and prevents the occurrence of we.ding problems a. ,o„ cos, when welding 
stainless steel, and a welding shield gas that can be used with ,he same. 

SUMMARY OF THE INVENTION 
The present inventors focused on the composition of the shield gas and the 
components .hereof, and discovered ma, me bead progress could be improved. The 
present invention is based on this knowledge. 

The welding shield gas of the present invention is . shiel d gas used in the non- 
— ble electrode arc we.ding of a welded materia, comprismg austenttic stainless 
s,ee. having a Ca concentration no. less than lwt.ppm, and incorporates an iner, gas and 
nitrogen gas, where the concentration of the nitrogen gas is 1 to 95 vol%. 

The welding shield gas of the present invention is a shield gas used in the non- 
consumablc decode arc welding of a weldeo material comprising austenttic stainless 
s,e«. having a Ca co„cen„a,io„ of no, less man lwt.ppm, and incorporates an inert gas 
and helium gas, where the concentration of the helium gas is 35 to 95 vol % . 

The welding shield gas of the present invention is a shield gas used in the non- 
consumable electrode arc welding of a „e,ded material comprising austenitic stainless 
steel having a Ca concentration of no, less ,han lwt,pm, and incorporates an inert gas, 
nitrogen gas, and helium gas, where the concentration of the nitrogen gas is e q „a, ,o or 
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greater than 1 vol% and less than 65 vol%, and the helium gas concentration is 35 to 95 
vol%. 

The welding shield gas of the present invention can be used in the case that the 
welded material has either one or both of an Al concentration that is not less than 
5 lOwt.ppm and a Si concentration that is not less than 0.3 wt.%. 
The inert gas is preferably argon. 

The welding method of the present invention uses the welding shield gas 
described above, and a welded material consisting of austenitic stainless steel is welded 
by using non-consumable electrode arc welding. 

10 The welding method of the present invention can be used for fixed tube welding. 

In the welding method of the present invention, a welding shield gas is used that 
consists of an inert gas-nitrogen mixed gas (a nitrogen concentration of 1 to 98 vol%), an 
inert gas-helium mixed gas (a helium concentration of 35 to 95 vol%), or an inert gas- 
nitrogen-helium mixed gas (a nitrogen concentration not less than 1 vol% and less than 

15 65 vol % and helium concentration of 35 to 95 vol%), and thereby the following effects 
are attained: 

(1) It is possible to improve the bead progress easily without using any special 
equipment or materials. Therefore, it is possible to prevent the occurrence of welding 
problems without decreasing the welding efficiency and at a low cost. 
20 (2) In the case that nitrogen is included in the mixed gas described above (for example, 
the inert gas-nitrogen mixed gas), because inexpensive nitrogen gas is used, lowering of 
the cost becomes possible in comparison to the case of using a shield gas consisting only 
of an inert gas (for example, argon) or a mixed gas that includes a helium gas. 
(3) In fixed tube welding in which the welding position changes during the welding 
25 process, it is possible to improve not only the bead progress, but also the penetration 
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shape of the weld zone by using the mixed gas described above. Therefore, it is 
possible to prevent welding problems. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 Figs. 1 to 1 OB are photographs showing the test results. 

Fig. 1 1 is a graph showing the test results. 

DETAILED DESCRIPTION OF THE INVENTION 
Below, the embodiments of the present invention are explained, but the present 
10 invention is not limited by these embodiments. 

In the welding method of the present embodiment, a welded material is welded 
by using non-consumable electrode arc welding. Non-consumable electrode arc 
welding is an arc welding method in which the electrode is not consumed, and examples 
thereof are TIG welding and plasma arc welding. In the present embodiment, a welding 
15 torch is used that provides an electrode and shield gas supply equipment, and a method 
can be used in which arc welding is carried out using this electrode while the shield gas 
from the supply equipment flows towards the welded material. 

In the present embodiment, a welding shield gas is used that incorporates an 
inert gas and a nitrogen gas (N 2 ), where the concentration of the nitrogen gas is 1 to 95 
20 vol%. More preferably, the nitrogen gas concentration is not less than 5 vol%, and 
more preferably not more than 50 vol%. Specifically, preferably the nitrogen gas 
concentration is 5 to 50 vol%. When the concentration of the nitrogen gas is less than 
this range, the effect of increasing the bead progress deteriorates, and when the 
concentration of the nitrogen gas exceeds this range, defects in crater filling (final 
25 treatment) occur easily. In addition, welding cracks occur easily. Furthermore, arc 
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ignition characteristics during the welding start-up deteriorate. 

As the inert gas described above, one inert gas selected from among argon, neon, 

krypton, or helium can be used, or a mixed gas consisting of two or more of these inert 

gases can be used. Among these, argon is particularly preferable. 
5 In the present embodiment, a welding shield gas can be used that incorporates an 

inert gas and helium (He), where the concentration of the helium is 35 to 95 vol%. 

When the concentration of helium gas is below this range, the effect of increasing the 

bead progress deteriorates. When the concentration of helium exceeds this range, the 

arc ignition characteristics during welding start-up deteriorate. 
10 As the inert gas described above, one inert gas selected from among argon, neon, 

or krypton can be used, or a mixed gas consisting of two or more of these inert gases can 

be used. Among these, argon is particularly preferable. 

In the present embodiment, a welding shield gas can be used that incorporates an 

inert gas, nitrogen gas, and helium gas, where the concentration of the nitrogen gas is not 
15 less than 1 vol% and less than 65 vol%, and the concentration of the helium gas is 35 to 

95 vol%. The concentration of the nitrogen gas is more preferably not less than 5 vol%, 

and more preferably 50 vol% or less. When the concentration of the nitrogen gas or the 

helium gas is less than this range, the effect of increasing the bead progress deteriorates. 

When the concentration of the nitrogen gas or helium gas exceeds this range, defects in 
20 crater filling (final treatment) occur easily. In addition, welding cracks occur easily. 

Furthermore, arc ignition characteristics during the welding start-up deteriorate. 

As the inert gas described above, one inert gas selected from among argon, neon, 

or krypton can be used, or a mixed gas consisting of two or more of these inert gases can 

be used. Among these, argon is particularly preferable. 
25 Note that the welding shield gas of the present embodiment can incorporate an 
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inert gas, nitrogen gas, and helium gas, where the combined concentration of the nitrogen 
and helium is 35 to 95 vol%. 

An object of the welding method of the present embodiment is a welded material 
consisting of stainless steel. In particular, the present invention may be applied to a 
5 welded material consisting of austenitic stainless steel. 

Austenite stainless steel having a Ca concentration not less than 1 wt.ppm is an 
example of a welded material. In the case that the Ca concentration of the welded 
material is within this range, slag that includes Ca is easily generated, and there is a 
concern that this slag will cause a deterioration in the bead progress. By using the 
10 present embodiment, even in the case that the Ca concentration is within this range, the 
formation of slag can be suppressed, and superior bead progress characteristics can be 
obtained. 

In the welded material consisting of austenitic stainless steel, in the case that the 
Ca concentration is not less than 1 wt.ppm, and further, one or both of the Al 
15 concentration is not less than 10 wt.ppm and the Si concentration is not less than 0.3 
wt.ppm, the bead progress characteristics deteriorate easily. If the present embodiment 
is used, even in the case that these concentrations are in these ranges, the formation of 
slag can be suppressed, and superior bead progress characteristics can be obtained. 

Note that the present embodiment can use austenitic stainless steel in which at 
20 least one of the Ca concentration is not less than 1 wt.ppm, the Al concentration is not 
less than 10 wt.ppm, or the Si concentration is not less than 0.3 wt.ppm. 

A tube (tube shaped body), plates, and the like are examples of the forms of the 
welded material. In particular, the present embodiment is preferably used on tubes. 

The welding method of the present embodiment exhibits a remarkable effect 
25 when used in fixed tube welding. Fixed tube welding is a method in which welding is 
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carried out by moving a welding torch or the like while the welded material remains 
stationary when the welded material cannot be moved during welding due to being fixed 
to another fixed object (a building, another tube, or the like). In fixed tube welding, 
normally, welding is carried out while the welding torch and the like is rotated with 
respect to the tube, and the arc is moved in a circumferential direction with respect to the 
tube (circumferential welding). Fixed tube welding is used in welding of tubes that are 
fixed to a fixed object (a building or the like) via a tube support or the like, and in 
welding that uses an automatic welding machine for test piece production or the like in 
order to set the welding conditions. 

In fixed tube welding, it is not possible to arbitrarily choose the welding position, 
and welding problems easily occur, but it is possible to prevent this by using the present 
embodiment. 

The present embodiment can have as an object a horizontal fixed tubing that is 
disposed horizontally or a vertical fixed tubing that is disposed vertically. In particular, 
in a horizontal fixed tube, the penetration shape of the weld zone may easily become 
unstable because the welding position changes during the welding process, but by using 
the present embodiment, it is possible to prevent changes in the penetration shape of the 
weld zone, and it is possible to prevent welding problems. 

Note that the welding method of the present embodiment can be applied to 
rotating tube welding. Rotating tube welding is a method in which the welding torch or 
the like is not moved, and welding is carried out while rotating the tube in a 
circumferential direction. 

The welding method of the present embodiment exhibits the remarkable effect in 
the case that it is applied to a welded material having a thickness not more than 3 mm (in 
particular, not less than 1.2 mm and not more than 3 mm). In the case that the thickness 
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of the welded material is within this range, the arc may become unstable because the 
welding current is set comparatively low and the bead progress characteristics deteriorate 
easily, but by using the present embodiment, the bead progress characteristics can be 
improved even in this case. 
5 In addition, the deterioration of the bead progress characteristics described 

above occur easily when the tube diameter (outer diameter) is not less than 20 mm, and 
thus the effects of the present embodiment becomes remarkable in the case that the object 
is a tube having a tube diameter within this range. 

In addition, in the case that the object is a comparatively thin welded material 

10 (for example, having a thickness not more than 3 mm), normally a welding method is 
used in which filler material is not used. In a welding method in which a filler material 
is not used, the arc may become unstable because the welding current is set 
comparatively low, and the bead progress characteristics may deteriorate easily. 
However, by using the present embodiment, bead progress characteristics can be 

15 improved even in this case. 

The welding current during welding is not particularly limited, but the welding 
method of the present embodiment exhibits remarkable effects in the case that the 
welding current is equal to or less than 100A. In the case that the welding current is 
within this range, the arc may become unstable and the bead progress characteristics 

20 deteriorate easily. However, by using the present embodiment, even in the case that the 
welding current is low, it is possible to improve the bead progress characteristics. 

If the welding speed is too slow, the welding efficiency decreases, and if it is too 
fast, the bead progress characteristics easily deteriorate. Thus, a welding speed of 50 to 
150 mm/min (preferably 70 to 120 mm/min) is advantageous. 

25 The welding method of the present embodiment may use a manual welding 
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method by the manual operation of operators, but the present embodiment exhibits a 
remarkable effect in the case that an automatic welding method is used. The automatic 
welding method carries out welding while moving the welding torch or the like by using 
a drive device (motor or the like). In the automatic welding method, it is difficult to 
5 correct the welding conditions according to the state of the process of the welding, and 
correcting this quickly when the bead progress characteristics have deteriorated is not 
easy. Because the bead progress characteristics are improved by using this embodiment, 
it is possible to prevent the occurrence of welding problems even when using an 
automatic welding method. 

10 The welding method of the present invention exhibits remarkable effects in the 

case that the total amount of Ca in the welded metal, that is, the total amount of Ca 
included in the welded metal obtained from the welding start-up to the present point in 
time, is not less than 20\xg (in particular, not less than 30|Ltg). When the total amount of 
Ca in the welded metal is within this range, the weld pool may be covered by a slag 

15 having Ca as the main component and the bead progress characteristics may deteriorate 
easily. However, by using the present embodiment, even in the case that the total 
amount of Ca in the welded metal is within this range, the formation of slag is almost 
undetectable, and it is possible to obtain superior bead progress characteristics. 

In the present embodiment, an inert gas-N 2 mixed gas (a N 2 concentration of 1 to 

20 95 vol%), an inert gas-He mixed gas (a He of concentration 35 to 95 vol%), or an inert 
gas-N 2 -He mixed gas (a N 2 of concentration not less than 1 vol% and less than 65 vol%, 
and a He concentration of 35 to 95 vol%) is used, and thus it is possible to improve the 
bead progress characteristics easily without using special equipment or materials. 
Therefore, it is possible to prevent the occurrence of welding problems without lowering 

25 the welding efficiency and at a low cost. 
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While the reason that the bead progress characteristics can be improved in the 
case that the inert gas-N 2 mixed gas, the inert gas-He mixed gas, or the inert gas-N 2 -He 
mixed gas are used is not clear, the following points can be inferred as a result of 
observing the arc in the welding test. 
5 In the case of using a conventional shield gas, the low conductivity slag that 

includes Ca, Al, Si or the like that is included in the welding material is generated on the 
weld pool surface, the arc discharge is obstructed because the slag increases as the 
welding progresses, the arc becomes unstable, and as a result, it is observed that the arc 
reaches a position significantly separated from the abutted parts, and thereby, the bead 

10 progress characteristics deteriorate. 

It can be considered that the improvement of the bead progress characteristics 
due to the mixed gas is because the slag either melts into the welded metal or is released 
as fume from the welded material due to this mixed gas, and as a result, slag is generated 
with difficulty, and the arc is stabilized. 

15 In the case that nitrogen is included in the mixed gas described above (for 

example, the inert gas-nitrogen mixed gas), because inexpensive nitrogen gas is used, 
lowering the cost becomes possible in comparison to the case of using a shield gas 
consisting only of an inert gas (for example, argon) or a mixed gas that includes helium. 

In addition, in fixed tube welding in which the welding position changes during 

20 the welding process, the penetration shape of the weld zone may easily become unstable. 
However, by using this embodiment, it is possible to improve not only the bead progress, 
but also the penetration shape of the weld zone by using the mixed gas described above. 
Therefore, it is possible to prevent welding problems. 
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Test Example 1 

Automatic TIG welding was carried out in a circumferential direction without 
using a filler material on a SUS316L stainless steel tube (nominal external diameter, 89.1 
mm; nominal thickness, 2.1 mm). 
5 The Ca concentration in the stainless steel tube used here is 1 wt.ppm, the Al 

concentration is 20 wt.ppm, and the Si concentration is 0.34 wt.ppm. Rotational tube 
welding was carried out in which the welding speed was 89 mm/min, the welding current 
was a constant value (62A), the welding position was flat, and welding was carried out 
while the welded material was rotated in the circumferential direction. Pure Ar was 
10 used as the shield gas. 

The external appearance of the weld zone is shown in Fig. 1. This drawing was 
photographed by spreading the welded pipe into a plate shape. It is understood from 
Fig. 1 that the bead has had imparted thereto a weaving shape. 

15 Test Example 2 

Along with pulsing the welding current, butt welding of the stainless steel tube 
was carried out at a welding speed of 178 mm/min. The average welding current was 
120A. Other conditions were identical to those in Test Example 1. 

Like the Test Example 1, pure Ar was used as the shield gas. 
20 The external appearance of the weld zone is shown in Fig. 2A and Fig. 2B, and a 

cross section of the weld zone is shown in Fig. 3. 

As shown in Fig. 2A, the bead progress was somewhat improved in comparison 
to Test Example 1. However, as shown by the reference symbol A in Fig. 2B, a part can 
be recognized at which the abutted parts are not completely fused due to the bead being 
25 separated from the abutted parts. 
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As shown in Fig. 3, in this weld zone, the bead face (upper surface side) width 
has become extremely wide in comparison with the penetration bead (lower surface side) 
width, and furthermore and a concavity has formed at the bead center. Thus, the 
preferable penetration shape has not been attained. 

5 

Test Example 3 

Like Test Example 1, the welding of a stainless steel tube was carried out at a 
welding speed of 89 mm/min and a welding current having a constant value (62A). At 
the completion of the welding, crater filling (final processing) was carried out during 
10 which the welding current was gradually decreased. The other conditions were identical 
to those of Test Example 1. 

An Ar-N 2 mixed gas was used as the shield gas. 

The external appearance of the weld zone is shown in Fig. 4. For comparison, 
the external appearance of the weld zone for the case that pure Ar (nitrogen gas 
15 concentration of 0 vol%) was used as the shield gas is also shown. In the drawing, 
"concentration" denotes the N 2 concentration in the shield gas. 

As shown in Fig. 4, in the case that the N 2 concentration in the shield gas was 
0.5 vol%, like the case in which the nitrogen gas concentration was 0 vol%, weaving of 
the bead was observed. 

20 In contrast, in the case that the nitrogen concentration was not less than 1 vol% 

(in particular, not less than 5 vol%), a bead having superior progress characteristics was 
obtained. 

Fig. 5 shows a cross section of the weld zone when the N 2 concentration of the 
shield gas is 50 vol%. 

25 It can be understood from Fig. 5 that the difference between the penetration bead 
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width and the bead face width becomes small, and a preferable penetration shape could 
be obtained. 

Fig. 6 shows the external appearance of the weld zone at the final welding 
position when the N2 concentration of the shield gas is 50 vol%, and Fig. 7 shows the 
5 external appearance of the weld zone when the N 2 concentration of the shield gas is 60 
vol%. 

It can be understood from Fig. 6 and Fig. 7 that in comparison to the case in 
which the N 2 concentration in the shield gas is 60 vol%, in the case that the N 2 
concentration is 50 vol%, almost no irregularities are formed in the weld zone, and that 
10 advantageous crater filling (final treatment) was possible. 

In the case that the N 2 concentration in the shield gas was 100 vol%, the arc 
becomes unstable during welding start-up, and among three tests, the arc failed to ignite 
in two tests. 

In contrast, in the case that the N 2 concentration was 95 vol%, the arc 
15 advantageously ignited in all three tests. 

From these test results, it was understood that in the case in which an Ar-N 2 
mixed gas having an N 2 concentration of 1 to 95 vol% was used as the shield gas, bead 
progress characteristics could be improved, and furthermore, the arc was advantageously 
ignited. 

20 In addition, it was understood that when the N 2 concentration of the shield gas 

was not les than 5 vol%, the bead progress characteristics became even more 
advantageous. In addition, it was understood that when the N 2 concentration was not 
more than 50 vol%, the crater filling (final treatment) could be advantageously carried 
out. 
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Test Example 4 

Welding was carried out as in Test Example 3, except that a mixed gas 
consisting of Ar and He was used as the shield gas. 

The external appearance of the weld zone is shown in Fig. 8. In the drawing, 
5 "concentration" denotes the He concentration in the shield gas. 

As shown in Fig. 8, in the case that the He concentration in the shield gas is not 
more than 30 vol%, weaving of the bead was observed. 

In contrast, in the case that the He concentration was not less than 35 vol%, a 
bead having superior progress characteristics was obtained. 
10 Fig. 9 shows a cross section of the weld zone when the He concentration in the 

shield gas was 50 vol%. 

It can be understood from Fig. 9 that in this weld zone, the difference between 
the penetration bead width and the bead face width became small, and a preferable 
penetration shape was obtained. 
15 In the case that the He concentration in the shield gas was 100 vol%, the arc 

became unstable during the welding start-up, and among three tests, the arc failed to 
ignite in two tests. 

In contrast, in the case that the He concentration is 95 vol%, the arc 
advantageously ignited in all three tests. 
20 From these test results, it can be understood that in the case in which an Ar-He 

mixed gas having a He concentration of 35 to 95 vol% is used as the shield gas, it is 
possible to improve the bead progress characteristics, and furthermore, the ignition of the 
arc was advantageous. 

25 Test Example 5 
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Automatic TIG welding was carried out on a stainless steel pipe on the 
horizontally fixed tube in a circumferential direction. 

Pure Ar or an Ar-N2 mixed gas (N2 concentration of 50 vol%) was used as the 
shield gas. The welding current has the same conditions for one rotation around the 
5 tube. The other conditions were identical to those in Test Example 1. 

In the horizontal fixed tube welding, because the welding position changes 
during the process of the welding, the position of the slag in the weld pool also changes, 
and the arc becomes unstable easily. 

Due to this, in the case that the Ar is used in the shield gas, the bead width did 
10 not stabilize and the penetration was locally insufficient under conditions in which the 
welding current were identical for one rotation around the tube (refer to Fig. 10A). 

In contrast, in the case that an Ar-N 2 mixed gas was used, the bead width is 
almost completely constant, and the stability of the penetration was superior (refer to Fig. 
10B). 

15 From these figures, it can be understood that in the case that an Ar-N 2 mixed gas 

was used, even under simple conditions in which the welding current is identical for one 
rotation around the tube (constant over the entire welding process), superior results were 
obtained with respect to the progress characteristics of the bead and the penetration shape 
and the like. 

20 

Test Example 6 

Welding is carried out on SUS316L stainless steel tube (welded material) having 
an outer diameter of 60.5 mm and a thickness of 1.65 mm using Ar as a shield gas. The 
other conditions are identical to those of Test Example 1. 
25 Table 1 shows the results of analyzing the components of the welded material 
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and the slag components observed on the welded metal surface. The Ca, Al, and Si 
concentrations in the base metal (welded material) are extremely low, while in contrast, 
these components are extremely concentrated in the slag in large amounts. The 
concentrations of each of the elements in comparison to the base metal are: Ca, 42,000 
5 times; Al, 850 times; and Si, 40 times. 

In particular, no matter how low the content of the Ca, which is strongly 
oxidizing, in the base metal, it is the cause of slag formation, and thus has a detrimental 
effect on the welding characteristics. 

10 Table 1 





Fe 


Cr 


Ni 


Mo 


Ca 


Si 


Al 


WELDED MATERIAL 


Bal. 


16.66 


12.62 


2.15 


0.0005 


0.37 


0.003 


SLAG 


37.4 


16.21 


11.55 


3.00 


20.69 


15.07 


2.55 



(unit: wt.%) 



Fig. 11 shows the results of investigating over the entire welding process the 
amount of deviation at the bead center from the abutted parts (the amount of deviation in 

15 the axial direction of the tube) for one rotation around the tube. The abscissa shows the 
total amount of Ca in the welded metal, that is, the total amount of welded metal obtained 
from the welding start-up to the present point in time multiplied by the Ca concentration 
in this stainless steel tube. The ordinate shows the amount of the deviation in the tube 
axis direction of the center of the bead with respect to the abutted parts. The amount of 

20 deviation has a positive value in the case that the deviation is in the direction of the tube 
axis and negative in other directions. 

As shown in Fig. 11, it can be understood that in the case that the total amount 
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of the Ca in the welded metal is not less than 20|j,g (in particular, not less than 30jxg), the 
deviation of the bead becomes large. 

In contrast, in the case that welding tests are carried out using an Ar-N2 mixed 
gas (N2 concentration of 1 to 95 vol%), an Ar-He mixed gas (He concentration of 35 to 
5 95 vol%), or an Ar-N2-He mixed gas (N2 concentration not less than 1 vol% less than 65 
vol%; He concentration of 35 to 95 vol%), almost no bead deviation can be discerned. 

From results of the welding tests having as an object a plurality of welding 
materials having differing Ca, Al, and Si concentrations respectively, it can be understood 
that the minimum values of the range of the concentration of Ca, Al, and Si for which the 
10 welding method of the present Test Examples is effective in terms of bead progress and 
the like, are respectively 1 wt.ppm, 10 wt.ppm, and 0.3 wt.ppm. 

Based on these test results, it can be understood that when the concentrations of 
each of the components described above in the welding material are in the range shown 
below, the welding method using the shield gases described above has a remarkable 
15 effect in terms of the bead progress and the like. 

0.42=sl000 x Ca concentration + 20 x Al concentration + Si concentration 
(where all units of concentration are wt.%) 

20 Furthermore, based on these test results, it can be understood that when the 

concentrations of each of the components described above in the welding material are in 
the range shown below, the welding method using the shield gases described above has 
even more remarkable effects in terms of the bead progress and the like. 

25 0.90 2£ 1000 x Ca concentration + 20 x Al concentration + Si concentration 
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(where all units of concentration are wt.%) 

While preferred embodiments of the invention have been described and 
illustrated above, it should be understood that these are exemplary of the invention and 
are not to be considered as limiting. Additions, omissions, substitutions, and other 
modifications can be made without departing from the spirit or scope of the present 
invention. Accordingly, the invention is not to be considered as being limited by the 
foregoing description, and is only limited by the scope of the appended claims. 



